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ABSTRACT
This work is an inquiry into the interventions of the systems design
in the whole building process.
At the beginning, three approaches which represent different points
of view of interventions in production and use are exposed and compared
to each other, and one of them serves as the theoretical background of
this thesis. It is accepted that interventions in both production and
use aspects of the whole building process might be capable of producing
valuable solutions, as this notion is determined in the first chapter.
Interventions in the production aspect are looked upon as influenc-
ing the relations among physical elements and as depending on the process
of production which is followed. Here the interest (i.e., producer, de-
signer, client or user), which determines the process of building produc-
tion, is of importance.
The process of production certainly affects the performance of the
building product after the building is occupied, and all factors influenc-
ing the building performance constitute the use aspect of the whole build-
ing process. Changes in the building process produce changes in the use
aspect. Systems, which change the building process according to the needs
of both the production and use, are considered as intervening in both the
production and the use aspect of the whole building process.
Finally, traditional, self-evolving methods and principles of build-
ing production are looked upon as constituting systems, which are not
designed by anybody and serve the needs of both production and use, but
substantially differ from the designed building systems. Such differences
will be exposed in the last part of my thesis.
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6Introduction
7Prediction and predetermination of any architectural object through
design constitutes only one facet of building practice. Building norms
and legislation, production of materials, construction, procurement,
management, and organization - among others - are additional factors
that shape the building product and are not usually recognized as legiti-
mate "high-level" determinants of Architecture.
Building process and building product are inseparable, and systems
design intervenes in the process of production, in order to achieve a
fully developed building product. Various systems have been elaborated
by systems designers and intervene in different ways in the various
aspexts of the building process.
Aside from systems design, there are several approaches which do not
accept the prediction of the final building solution as the only task of
architectural practice: participatory approaches (*). They deal with
tasks which make the prediction of the final product difficult. Accord-
ing to some participatory approahces, the question is not how a building
is designed, but who makes the decisions among the various participants
in the building process.
No matter how effective the solutions they may have produced, both
the concepts of systems design and popular participatory approaches
succeeded in introducing and establishing ideas which opened new ways
of thought in architecture.
Thus, action and change as such, or as explicit phenomena to be
considered in design, have become criteria of building evaluation. Con-
sequently, building is looked upon as an object of change as well as
continuous transformation, so that it meets users' expectations and
8needs throughout the time of its existence. In participatory design,
the designers' task is to create the opportunity for users to decide on
the nature and ways of combining those physical elements which constitute
the actual users' environment.
In that sense, systems design establishes the designers' new field
of intervention, while participatory approaches provide architectural
thinking with new objectives and criteria for evaluation.
The-objective of this study is to find out: in which aspects of
the building process should architects intervene, in order to create
buildings that allow users to act and produce changes in those physical
elements which constitute a changing active and responsive environment.
The designers' new field of action is large enough, since, aside
from prediction of the final product, it includes the determination of
the process of production and any other factor that could affect the
final building solution. However, systems designers are limited by
prevailing modes of production in each context; architectural action
has to follow the actual mode of production. To explore the limits of
such architectural action is not my intention here; but I am convinced
that changes, even within the limits of the actual mode of production,
may be effective enough to.produce viable solutions.
I distinguish between two aspects of the building process, found in
all its activities and the factors influencing it. These are 1) the
production and 2) the use aspect, which are inseparable and which repre-
sent two different aspects of the same process. Subsequently, I will
discuss these aspects and their interdependence, along with the various
ways of intervening in them.
9I will, furthermore, refer to three different points of view, each
perceiving in a different way the connectedness of the aforementioned
production and use aspects. Each view represents a different interpre-
tation and conceptualization of the "wholeness" of the building process.
I will accept one of these views as a premise, without arguing the rea-
sons that lead me to such a choice. I will also accept the proposition
that interventions in both production and use aspects lead most effectively
to more coherent results.
Two additional premises need to be established, concerning limits
on interventions in the building production process or, more precisely,
industrialization:
1. Industrialization in building, as in any other sector,
is an "inevitable" stage in the evolution of mass pro-
duction.
2. In the context of industrialization, there are certain
new interventions in the building process that may lead
to legitimate solutions.
These premises are introduced to help me define the content of my
study; and the various industrialized building systems, to which I will
refer next, are considered as both evidence and case studies to illustrate
theory.
I will present certain examples of building systems which, in my
opinion, are most appropriate to the context of this study. Through the
application of systems, designers intervene in the industrialized build-
ing process, in different ways each time.
Interventions in the production and use aspects are perceived as
10
interventions in "relations among physical elements, due to the process
of production" and in "relations of place," respectively. I will try to
find out how each one of the case studies presented affects each one of
these two categories of relations.
However, there are also many valid solutions that are not the direct
result of designers' interventions. In such cases I use the term "Indus-
trialized Vernacular Architecture," i.e., I talk about systems which are
the result of the evolution of traditional methods and materials. Thus,
one may distinguish two categories of systems that produce similar
results: 1) "designed" and 2) "non-designed" systems. Both, based upon
interaction between participants in the building process, allow users,
small builders, and manufacturers to make'decisions concerning applied
building products and methods. Yet, there are differences: in "designed"
systems, interaction between the participants is designed and imposed
consciously and explicitly; whereas, in "non-designed" systems, inter-
action is already established through the habitual rules of conventional
building practice and long tradition. The question at this point: Is
it possible or desirable for systems designers to produce substitutes,
or "replicas," of "non-designed" systems?
It is not the primary intent of this thesis to provide a definitive
or final answer to this question, which, by its very nature precludes
such a monistic response; however, if nothing else I would like to point
out the following contradiction which complements and reinforces the
aforementioned qualification:
"Non-designed" systems are the outcome of un-self-conscious, reflex-
ive design decisions that usually exclude the presence of persons who
11
are not affected by such decisions and are based on the accululated
exchange of knowledge between the various participants in the building
process. In contrast, "designed" systems are self-conscious projections,
from an extraneous and superadded position, that try to imitate situa-
tions (i.e., "non-designed" systems) that do not admit the presence of
persons who are not affected by their decisions.
12
Theoretical Background
13
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1. CHANGE
There are several ways of looking at things:
- One is to look at a build object as "pure," i.e., untouched or un-
altered and considering that at the time of observation it represents
its ultimate, complete form, assumed as neither changing or changed.
- Another way is to look at things as products of a continuous evolu-
tion or change and. tending to change further. The notion of change may
be interpreted as the result of active elements of manipulation and con-
trol acting in reality, thus shifting perception from passive acceptance
to active interference.
Change implies action; there is always a subject and an object of
action or, in other words, somebody changes something. The notion of
"levels of action," as will be later discussed, refers to the question
of what can be changed by whom.
The notions of change.and action, as such, are not matters of
choice or preference; they have not to be artifically pursued in order
to be there, but appear only after the accelerating rhythms of change
have made change appear as virtual and necessary. Although change and
action are always present, only recently have they been introduced into
our thinking.
In a very broad sense, physical elements are the objects, and par-
ticipants involved in the building process are the subjects of any action
causing change in the built environment. As a matter of fact, the main-
tenance of stable conditions in the built environment requires also
action, i.e., in our attitude to counteract change by maintaining a
relative position of a changing situation vis-a-vis the "frozen" percep-
tion of an "unchanged" object. Thus, and in that sense, stability may
15
also be considered as change, i.e., by being a result of counteraction
to the forces of nature that contribute to the transformation of the
built environment.
16
2. PRODUCTION AND USE
Two aspects of action may be distin-
guished:
- One dealing with change in the nature of
physical elements, i.e., the production
aspect.
- The other deals with aspects of these
changes; what should physical elements look
like, or how are they related. It also re-
fers to the determination of the performance
of the physical elements, i.e., their use
Production and use are two different
aspects of the same process and they may
appear at the same time or sequentially.
The building product manufacturer
creates physical elements by processing raw
materials found in the open market; he pro-
duces "variants" (*) following some rules,
a "structure," (**) that is constructed by
the manufacturer himself and partially deter-
mined by the very nature of the raw materials.
While producing, he certainly "loads" physi-
cal elements with rules concerning ways of
their manipulation and use; i.e., the manufac-
turer determines, to some extent, the perfor-
17
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The (m2) manufacturers are
users of the variants pro-
duced by (ml).The latter in
their turn, produce variants
which are to be used by the
assembler (a).For doing so,
(m2) have to follow the rules
incorporated into the pro-
ducts of (mI).
If looked in relation to (ml),
(m2) are users and if looked
in relation to (a), they are
producers.
mance of the product.
The building assembler uses the manufac-
tured products, accepting or adapting to
rules incorporated into them; he assembles
them according to the structure inherent in
the physical elements he uses. At the same
time he creates another variant - the whole
building - that is to be used by its inhab-
tants.
After the building is occupied, users
act within the structure provided by the
"assembler" of the whole building. If this
structure is generous and "loose" enough and
if it also allows interventions, variants
can be created by the users; changes in the
"selection" (*) and "distribution" (**) of
physical elements within the domain of the
users' action then become possible.
Conceiving production and use aspects in
this way (Fig.1 ), one can understand how
production are present at every stage of the
building process. Thus, the actors at each
stage of the whole building process are actu-
ally producers and users at the same time at
different levels.
There is an analogy between production
18
and use on the one hand, and variants and
structure on the other.
Structure is a set of rules, which are
followed by somebody when he acts; structure
is based on principles that may be extracted
from the use aspect. Variants are created
in accordance with such a structure.
46N
In order to produce a variant, i.e., a
building, architects try to find out the
habits and needs of their clients; they try
to extract criteria from the use aspect, in
order to create a structure according to
which the building will be designed. Thus,
Fig. 2
Direct communication and various methods or approaches (Fig. 2 ) have
communication through stati-
stics and questionaires
between designers and users. been developed, each introducing a different
way of communication between designers and
users, or manufacturers and users, to be dis-
cussed in greater detail in the third chapter.
The actors of the various stages of the
whole building process communicate through
products which embody certain rules. The
structure inherent in them, dictates the ways
of their manipulation and reveals optional
or obligatory rules of how they should be
used. Thus, the use of an object has to be
in accordance to the structure emitted by it.
Furthermore, rules can be changed and others
19
may be added while a product is in use.
Taking into consideration the analogy
between production-use and variants - struc-
ture, along with the fact that they can be
found at every stage of the building process,
one could easily understand that production
and use, or variants and structure, must be
considered as a relatively elastic distinc-
tion with non-rigid boundaries, which may be
different in each case.
However, if one looks at the whole build-
ing process, the production aspect can be
considered as encompassing all activities
prior to the time of the building's occupa-
tion.
2.1 RELATION BETWEEN STRUCTURE AND VARIANTS:
There are several approaches, each repre-
senting a different type of relationship
between structure and variants. They corre-
spond to different paths of thought and con-
stitute interpretations of distinct, if not
contradictory, worldviews.
The crucial issue, determining the
nature of each approach, is whether it is
structure or variants or both, which deter-
mine the whole. As the whole, at this point,
20
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General Systems Theory, as
building models of models.
is considered formed, either by variants, or
by structure or by both, there are differ-
ences in perception of the whole and, con-
sequently, the type of relationships between
structure and variants is different in each
one of these approaches.
1. Ludwig von Bertanlanfy, in his work
"General Systems Theory," or Ervin Lazlo in
"Introduction to Systems Philosophy" both
emphasize the importance of structure, argu-
ing that since a common structure can be
discovered in the relationships of very
different variants in nature, it is this
general structure rather than the variants
which may be considered as sufficiently
important to become the primary object of
study and observation. Accordingly, "General
Systems Theory" deals with structure as such,
aiming at the elimination of boundaries among
the sciences and the development of a lan-
guage common to all, i.e., the development of
a systems "meta-language." (*) In other
words, structure is considered as the deter-
mining factor of a wholistic view of any
world system.
A similar position is taken by H. Simon
21
in his article the "Architecture of Complex-
ity," in which he talks about the "complexity
of the systems under view without specifying
the exact content of that complexity." (*)
The existence of a core of common
characteristics in the various underlying
structures which determine the ways of com-
bination and the types of relations of very
different elements, is accepted by all
theories which deal with this matter. But
an exclusive study of structure alone ren-
ders it also as the only determining factor
of a given whole system. Here, structure
and variants do not represent a unified
whole; they are separated, and it is struc-
ture alone that determines variants and
consequently the whole.
2. Christopher Alexander, in his article
"Systems Generating Systems" makes the dis-
tinction between "systems as.wholes" and
"1generating systems."
"It is true that almost every system
as a whole is generated by a generating sys-
tem." (**) The ideal system as a whole, is
evidently one with valuable holistic proper-
ties, especially if one also includes in such
22
a consideration of wholeness systems which
include people, i.e., a social human whole.
"If one wishes to make things which
function as whole we shall have to invent
generating systems to create them." (*) We
have to create a process of production
which leads to products with valuable holis-
tic properties, or, we have to regulate all
factors shaping the production aspect so
that all activities included in the use
aspect allow users to interact with their
environment.
In C. Alexander's article, the produc-
tion aspect is considered as the determining
factor of the whole. For producing a valua-
ble structure, interventions affecting "var-
iants" have to be considered first. The use
aspect is outside the designer's field of
action and observation. In this approach
the unity of production and use of variants
and "structure" is questionable.
3. In "The Transformations of the Site," by
N. J. Habraken, the "site" is looked upon as
made up by discrete physical elements and
spaces, that are related to each other in
various ways. The orders of "Form," "Place"
23
and "Understanding" represent three different
ways of looking upon the relations among
physical elements and spaces; they are
defined as three different ways of looking
at the same thing.
Thus, the Order of Form (*) is an or-
derly grouping of relations among elements
due to their nature, or, the order of Form
deals with variants. During their use (i.e.,
after their production), elements are related
according to positional rules which they
embody independent of the users' will; they
are related because of their own properties.
Elements are also related because of
agreements among "powers" (**), which may be
of different kinds. Such agreements result
in a structure that determines the selection
and distribution of the physical elements.
The orders of Place (***) and Under-
standing (****) represent relations among
elements due to such agreements. Each one
of these orders is the result of agreements
of a different nature, as it is discussed
later in my thesis.
However, the orders of Place and Under-
standing, although based on agreed upon
24
structures, are dependent on positional rela-
tions among physical elements, too. A unity
of structure and variants characterizes the
whole approach and accordingly, interventions
in any one of the two categories are not
enough to change the whole.
"The Transformations of the Site" essay
is limited to the observation of physical
elements and spaces, without dealing with
human agreements as such. Structure is dis-
covered only through the observation of the
variants. In the final analysis, variants
suffice to reveal and determine the under-
lying system's structure. However, it may
be argued, that the whole can never be deter-
mined by variants only. It is, ipso facto,
determined also by structure, which - in
turn - is again and certainly influenced by
the variants. Thus, it may be stipulated
that changes in any one of the two aspects
cannot be assumed to be sufficient to pro-
duce change in the whole.
Long discussions, extensive studies
and deep thinking are hidden behind each one
of these approaches. Given this complexity,
it is a difficult and equally complex task
to argue for or against any one of them.
25
It may be a conviction, or perhaps even
a mere intuitive search that points me towards
the choice of the third approach, which con-
siders both variants and structure as deter-
mining the whole, as the most appropriate
for the purpose of my thesis, notwithstanding
the partial validity of the alternative
approaches mentioned earlier.
In this context, and to open the way
for such a third approach, it may be stated
with legitimate emphasis that the only
effective interventions are those that
involve both structure and variants, or
production and use, as discussed earlier.
26
3. INTERVENTIONS
If the world around us is viewed as a system, "subsidiary events are
not separate particles, but subsystems: sub-patterns within the overall
pattern, which is the object of investigation." (*) The "overall pattern"
constitutes the "environment" of any included "sub-pattern."
Any system or any subsidiary event is considered to have an environ-
ment to which it is related in one way or another. "Environmentalization
is the process of putting into a system's mind its relationship to the
whole of which it is a part" (**) or, the "environmentalization problem
consists of finding ways of serving the purposes of the system itself." (***)
The building activity, also, can be looked upon as a subsystem or a
subsidiary event within the overall social, economic, and environmental
context. Aside from the building activity itself, systems design inves-
tigates parts of the environment of the building activity, such as tech-
nology., degree of development, prevailing modes of production, and others.
Thus, Ackoff's "environmentalization problem" in the building context
needs to be faced by systems designers.
While dealing with parts of the environment of the building activity,
systems design as both a method and a process has to produce changes in
in order to make environment better serve the purposes of building acti-
vity itself.
By "interventions," I mean the changes produced by systems design
in the environment of the building activity, in order to facilitate the
building activity itself.
27
3.1 EFFECTIVE INTERVENTIONS:
"Interventions" are defined as changes produced by the systems
designer in the environment of the building activity, and interventions
that may lead to viable solutions are those which affect both production
and use aspect of the building process.
Building organizations must cope with building procurement, planning
and managing the resources to which they have access. They need to
investigate the market of building products, before making their choices.
To accomplish their purpose they use readily available materials. In
that sense too, building organizations create structure, embodied in the
products they procure, which - in turn - dictate the ways in which
buildings should be used.
A discrepancy may exist between the structure emitted, as manifested
by the whole of a building on the one hand, and a structure that might
be created by users themselves. Users' dissatisfaction with their houses
can be seen as the result of such a discrepancy.
If one accepts the notion that decisions should be made by partici-
pants who are directly affected by these decisions, "effective" inter-
ventions in the production and use aspects of the building process are
those which allow users to decide about variants that will affect their
lives after occupation.
28
Interlude
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Production and use are two inseparable parts of the building process.
To change one, one has to intervene in both. It is not enough to inter-
vent in the production aspect only, i.e., to produce an appropriate
"generating system," in order to obtain a building that, with "the people
in it, together forms a whole," (*) as it is not enough to determine what
parts of the building contribute to the creation of such a whole; what
parts are to be changed by users.
This is, in brief, the very essence of the preceding pages. In the
following chapters, selected case studies of building systems will be
examined in terms of their mode of intervention in the production and use
aspects of the whole building process.
"Relations of physical elements due to the process of their produc-
tion" are considered as restraining the users' action. Systems designers,
by intervening in the process of production, chang'e the relations among
physical elements and, consequently, the constraints imposed upon the
users. These are interventions in the production aspect of the whole
building process.
"Relations of place" determine those physical elements that can be
moved or changed by users, and which are within the domain of the users'
action. They refer to users' interventions in their immediate environ-
ment after building occupancy. Certain factors that shape "relations
of place" will be discussed in the third chapter of my thesis, along
with different kinds of interventions on the subject of "relations of
place."
Here, the notion of "relations of place" may be assumed to constrain
30
or encourage the interaction between users and a building and depend on
the structure emitted by a building after the time of building occupancy.
Interventions in "relations of place" are interventions in the structure
which dictate the ways in which building elements are to be used and
manipulated.
Among the various systems presented as case studies, there are some
that produce changes in both relations among physical elements and "rela-
tions of place." All of them will be discussed and compared to each
other in the following chapters.
In order to elucidate understanding of the notion of interventions
in the production and use aspects of the various systems presented here,
a comparison of processes related to conventional building methods with
industrialized systems will be presented, both to reinforce the under-
lying assumptions about systems design and to provide empirical evidence
of the whole building process as a unity of production and use.
31
Case Studies
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IBIS:
1. Introductory notes:
In 1965, the "British Steel Corporation"
employed a team of consultants to find a
market for steel in general. The consultants
supported the development work of a design
team by parallel studies which dealt with:
assembly, contracting, costing, distribution,
marketing and other.
2. Objectives:
The objective of IBIS was the design of
a vocabulary of modular building components
to facilitate flowline production. The aim
of the study was to improve on nationally
accepted standards and the development of
fabricated sheet steel for building, even
though other materials could be used if
deemed necessary.
2. Projects:
IBIS studied the use of components for
medium density, low rise housing.
4. Systems characteristics:
IBIS components were designed for use
in two ways:
a) As individual notes in industrialized
or conventional buildings.
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b) As a versatile kit-of-parts, form-
ing an integrated building system.
A comon dimensional discipline and a
common discipline for the joining of compo-
nents is required by the system in order to
produce a vocabulary of interchangeable
components. 8M and 9M were chosen as thi
basic modules of a tartan grid for the sys-
tem (M=l0cm).
Apart from small or compatible and
interchangeable general components, standard
functional units were designed, such as
plumbing and heating cores.
5. General notes:
The overall design of houses using IBIS
components and assemblies was left to indi-
vidual client's architects, as far as non-
system elements were concerned.
Components are designed with the pur-
pose that a right balance between variety
reduction in the factory based on mass pro-
duction efficiency factors and optimal
planning flexibility for the architect
could be combined to the final solution.
Sources: - IBIS publication
- "Building Systems, Industrialization and Architecture,"
Barry Russel.
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Fig. 7
CLASP school at the
Triennale di Milano
1960.
CLASP (Consortium of Local Authorities
Special Program):
1. Introductory notes:
At the end of World War II, England was
faced with a shortage of schools which could
not be supplied through traditional planning
and conventional construction procedures
because of the large demand and the acute
shortages of building materials and labor.
Thus, industrial methods and techniques were
thought to be the best solution in such a
situation, since it was assumed that such an
approach could meet the large demand and
shift a great part of the necessary volume
capacity to factory production.
The work on school building systems
was started by a'developmental team of archi-
tects on the staff of the Hertfordshire
County Council and evolved as CLASP. In
CLASP, it was decided that an existing
structural proprietary system should be
used. The system chosen was a steel frame
35
Fig. s
The steel-frame structure.
subsystem, manufactured by "Brockhouse."
In 1958-59 the actual CLASP building
program was started, in which a number of
school authorities participated to take
advantage of the potential offered by mass
production.
2. Objectives:
Bulk purchase of components with nego-
tiated agreed prices was the main goal of
CLASP. For reaching this goal, the consor-
tium tried to standardize components, methods
and drawings, and to develop normative agree-
ments with manufacturers, leading to quality
and programming control.
3. Projects:
From 1958-59, the building program called
for the construction of 31 new schools. In
1962-63 it called for approximately three
times this number.
As a result'of such a volume of produc-
tion for schools, "Brockhouse," the steel-
frame subsystem manufacturer, looked forward
to an extended development of a system of
improved components which would have a more
general application, not only to school con-
struction but for the entire building indus-
36
Fig. 9
Interior partitions.
try. Thus, aside from schools, the system
was to be used for hospitals, small office
buildings, etc.
4. Systems characteristics:
"The volume of production required by
the consortium was sufficient to allow fo.r
a considerable variety of beam and column
types and sizes," (*) instead of over-
standardized elements which would do the
same job. Aside from the steel-frame sub-
system, exterior and interior wall subsystems
were produced, along with a range of roof
components.
Gradually, the CLASP team managed to
design and procure all school subsystems in
England, and succeeded in optimizing them
in terms of technology and cost by creating
the various 'arks."
All CLASP components were designed to
be compatible with each other and thus,
dimensional coordination of all components
was necessary, since all components and ele-
ments were produced by different and indepen-
dent manufacturers.
The basic dimensions followed by CLASP
are:
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Planning module:
Structure module:
Max. span:
0.60/1.20 meters
2.40/3.60
9 meters for
classrooms;
8 meters for
gymnasiums.
5. General notes:
CLASP was founded as a public service by
the Ministry of Education and was the first
non-proprietary, industrialized school sys-
Fig. 10 tem in England.
Isometric showing the re-
lationship between the com- 
. . . .
ponents and the module lines. Individual projects which utilized the
CLASP building system were then designed by
different architects, but with building
components produced by manufacturers nomin-
ated by CLASP.
Sources: - "British Prefabricated School Construction" Report No. 2,
SCSD.
- "Building Systems, Industrialized and Architecture"
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Fig. II
Fig. 12
The steel structural system as
designed for Inland Steel
Products Co.
SCSD (School Construction Systems Develop-
ment):
1. Introductory notes:
The "School Construction Systems Develop-
ment" was established by the "Building Sys-
tems Development" team in the United States
in 1961.
It "is a practical test of a method of
building better schools more rapidly and
economically." (*) The SCSD staff asked
manufacturers to develop new products, in
accordance with performance specifications
which it had elaborated in cooperation with
its clients.
Each school was to be designed by a
different architect, employed by an indivi-
dual school district, but had to use SCSD
subsystems. Local general contractors bid
on each school, with the component manufac-
tueres becoming their subcontractors to
deliver and install the SCSD components.
Thus, each school varied extensively, even
though all were built with an identical sys-
tem of steel structural components, ceiling
and lighting components, air conditioning
units, interior partitions, cabinets and
lockers. Exterior walls, as well as other
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Fig. 13
Air conditioning ducts,in-
coroorated in the roof
structure.
Fig. 14
Trusses of different types
provide for differing load
requirements.
subsystems not specified by SCSD, were
allowed to be designed and/or selected by
each individual school architect.
2. Objectives:
SCSD aims at using the efficiency of
"modern industrial mass production while
avoiding standardized plans or monotonous
repetition of either rooms or general appear-
ance. Another SCSD objective was to develop
a more effective relationship between users
(school people) and manufacturers, by trans-
lating of educational requirements into per-
formance specification, i.e., instead of
specifying the components in the usual way,
by dimensions, materials and other quantita-
tive or material aspects, SCSD merely speci-
fied the problem to be solved, and left the
specific solution to the manufacturer.
Generally, in the United States (and
other industriali'zed countries), designers
are accustomed to choose many building com-
ponents from manufacturers' catalogues.
SCSD aims at providing designers with a new
catalogue of more economical and sophisticated
components, but moreover assuming that the
components could be compatible as integrated
subsystem packages, while at the same time
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allowing considerable latitude for individual
variations.
Rapidly changing needs of education
require changeable school buildings and this
has become another objective of SCSD.
3. Projects:
To aggregate the market, it became neces-
sary for various school districts of Califor-
nia to combine into a client consortium as
their research, design, procurement agent
with SCSD. The "First California Commis-
sion on School Construction Systems" was
established by seven counties which decided
to participate initially in the SCSD project.
As soon as the construction of 13 schools
was formally assumed by SCSD, manufacturers
were invited to enter the bidding procedures.
Eventually, six of the candidates were nom-
inated as producers of the SCSD subsystems.
Later, additional projects were real-
ized using either the original subsystems or
similarly coordinated packages which were
introduced by the various project architects.
4. Systems characteristics:
Long span, along with movable components,
on a planning grid, to facilitate plan flexi-
bility:
41
Fig. I5
Connections of partitions to
the structure.
Maximum span: 33.00 meters
Structure module: 7.50 meters
Planning module: 0.30 meters
According to the performance specifica-
tions, an integrated lighting-ceiling and
mechanical subsystem had to be contained in
a 36-inch space between roof-deck and ceil-
ing.
Interior partitions are movable, in
order to be changed by school personnel.
The prototype model, designed by E. Ehren-
krantz, demonstrated teh ability to modify
the.floorplan rapidly and easily by chang-
ing the distribution of the ceiling/parti-
tion subsystem elements and producing a new
room in a few hours.
5. General notes:
Since construction of the first SCSD
school in 1966, the components developed
under the program have spread throughout
the United States into more than 1300 North
American schools.
Some SCSD subsystems were modified by
project architects and others were completely
changed. A report by the "Educational
Facilities Laboratories" comments on the
influence of SCSD on school construction in
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general: "...Thus, SCSD achieved for EFL
the classic aim of foundation research.
Once their immediate purpose is attained,
many research projects sink beneath the sur-
fact without leaving a trace. But the
waves, generated by the $680,000 investment
in SCSD, are still radiating from the ori-
ginal project, elevating school design
standards, cutting costs, and accelerating
construction schedules in many scattered
parts of the United States and Canada." (*)
Sources: - "SCSD; the Project and the Schools," a report from Educa-
tional Facilities Laboratories.
- "The Systems Approach to Building," Associated Schools of
Architecture learning package, unpublished.
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Fig. 16
The geometry of the Danels
and the windows allows the use
of various systems of components.
PROJET LAUREAT:
1. Introductory notes:
This project was created in 1979, in a
national competition in France, and aims
at the utilization of industrial components
in the construction of dwellings. Four
basic principles have been investigated by
the project architects:
a) Materials and Technology.
b) Dwellings and their variations.
c) Adaptation to various geo-
graphic conditions.
d) Possibilities of users' inter-
ventions.
2. Objectives:
"Projet Laureat" aims at the use of a
maximum possible range of building compo-
nents available from the open market, i.e.,
any set of interchangeable components should
result in more than one solution. Given
this kit-of-parts mode, architects tended
to produce variations by geometrical and
technical combinations of the greatest
available variety of industrial components.
3. Projects:
Ninety-one units were built in France,
based on the "Projet Laureat." Here, the.
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Fig. 17
The final plan
simultaneous utilization of industrial com-
ponents in construction of individual dwell-
ings made necessary the collaboration of
designers with manufacturers and contractors.
4. Systems characteristics.
The whole building is divided into two
main parts: 1) the "predetermined" and
2) the "varying" part which secured the
adaptation of the building to different con-
ditions and was composed of several pre-
determined volumes (see Fig. ). Thus,
designers utilized two grids: 1) a "rigid"
grid for the "predetermined" and 2) an
"adaptable" grid for the "varying" part.
Movable interior partitions, exten-
tion of interior space to the outside, and
relative freedom in choosing the use of
some spaces allow users to intervene in the
determination of the floorplan.
5. General notes:
Four manufacturers responded to the
designers' invitation to participate in
the project, making their products available
at an early stage. The components offered
were selected by the designers of "Projet
Laureat," in order to prove the feasibility
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of the whole undertaking. However, in each
specific project, individual designers could
choose components, which were different from
the ones initially proposed.
Source: - "Technique et Architecture," Vol. I, p. 132, 133.
46
*00
0A
Fig. 18.
CHARLES AND RAY EAMES' HOUSE:
Built in 1947, in the United States
(Santa Monica, California).
Charles and Ray Eames' intention was
to build a house consisting entirely of
industrial components which were available
in the open market at that time. .Eames
ordered all materials for implementing a
first plan as designed, from standard
catalogues.
After the initial proposal for the
house, they designed a second version which
utilized the materials ordered and already
delivered on-site for the first design, but
used them in a different way.
The final plan consisted of two rectan-
gular boxes attached to a reinforced con-
crete retaining wall, with a courtyard
between them.
Structure:
- Steel frame of standard section, erected
in 16 hours by 5 men.
- Upper floors and roof structure are of
commercially available industrial steel
decking.
- The wall is freed from its major role
as part of the structure and is seen as
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an array of standard catalog components
that can be added to or subtracted from
as required.
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Interventions
in the
production aspect
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FOREWORD:
Systems design alone does not determine building as a product;
rather, it defines the act of building. It proposes methods of produc-
tion and, consequently, it can be seen as an agent of intervention in the
actual process of building. In this chapter, I propose to examine inter-
ventions in the production aspect as related to each of the case study
systems presented in the last chapter.
First, I will explain the reason that led me to such an undertaking,
i.e., why such interventions in the building process are considered
important. The notion of change has helped me to understand how a user's
action is constrained by positional relations of physical elements. I
will borrow the terms "gravity," "enclosure," and "supply" from "Trans-
-formations of the Site" to speak about relations among physical elements,
which will be discussed more extensively later on.
Industrialization and Systematization are complementary terms, in
the sense that the latter is used to determine how the former is to be
applied. In a certain way, Systematization organizes the industrialized
process of building production. It is utilized by systems designers who
may or may not act independently of the manufacturer of building compo-
nents. Thus, the designer of each system, used as a case study, tends
to work for different interests in each case (i.e., for the producers or
the clients, or sometimes he may work independently).
Next, I will move on to production itself as well as the various
interventions of systems in the building process. After defining the
notion of "whole building process," I will use the terms "conceptual,"
"production," and "use" to divide the set of all building operations into
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three stages. Then, I will discuss changes in the sequence of these
three stages in various processes (i.e., conventional, industrial and
systems).
Aside from the "conceptual," "production" and "use" stages them-
selves, the ways of coordination as well as the relations among these
three stages are of importance. Technical, standard, and performance
specifications represent different means of interaction between manufac-
turers and designers. Aside from that, various degrees of interaction
have to be secured also, among manufacturers themselves. Since more
than one manufacturer produces building components, coordination aiming
at compatibility of various components is necessary. In each system,
the problem of coordination of manufacturers is approached differently
as will be discussed at the end of this chapter.
The assembly task may be determined directly (e.g., some systems
set up norms concerning the assembly task as such), or through the design
of components (e.g., components are designed in such a way that they can
be assembled with use of cranes, or they may be designed to be assembled
by small builders, on-site or off-site, etc.). Other systems leave the
task of assembly to be decided by the project architect.
Throughout this chapter, participants of the whole building process
are considered as interacting with each other using building variants as
the communication medium; such interaction may be of different kinds.
A participant can dictate the way in which a product is used and thus
impose a particular way of use upon other participants. Or, interaction
may be accomplished by means of mutually agreed upon or accepted agree-
ments. Thus, the type of interaction depends on the nature of the physical
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elements themselves and the nature of variants, in terms of how the
latter can be used as a means of interaction between the various parti-
cipants in the building process. Changes in the process of production
result in changes in the nature of variants so perceived; they can be
looked upon as the result of interventions in the variants themselves.
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1. RELATIONS AMONG PHYSICAL ELEMENTS
There are several ways in judging a
building as a good or bad solution, depend-
ing on the criteria used for this purpose.
For example, a building might be evaluated
in terms of cost or in terms of the time
needed for its erection. It might also be
evaluated in terms of its appearance, or the
quality of the materials used in its con-
struction, among others. Another criteria
for evaluation has arisen from its inception,
namely, the extent to which a building can
be changed by its users throughout its free
life cycle.
In the late 1950's and early 1960's,
various formal design methods were developed
to allow future users to change their dwell-
ings. The main feature of these methods
was to leave some design decisions open, and
to allow users to enter into the design/
decision-making process from its initial
stages to completion and use.
1.1 RELATIONS AMONG PHYSICAL ELEMENTS, DUE
TO THEIR NATURE:
Users' interventions consist of changes
in the position of physical elements, the
exchange of one element by another, or the
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Fig. 19
The way in which materials are
used is determined bv the very
nature of the materials.
addition or removal of an element. Changes
of some physical elements may affect others
or be restricted by the presence of other
physical elements. Physical elements are
related to each other, and it is these rela-
tions which constrain or encourage users'
interventions.
Thus, this category of relationships
pertains primarily to the physical elements
themselves and depends on their properties
and behavior. For example, the relation-
ship between foundations and upper floors
of a building, or between columns and beams,
belongs to material (positional) relations
of this kind. Th'ese relations are what
Amin Klam calls "obligatory relations," (*)
i.e., when he talks about "lessential" rela-
tions between space and material. The orders
of "gravity," "enclosure" and "supply" (**)
are also referred to as relations based on
the nature of physical elements, i.e., rela-
tions which are "independent from human
preference." (***)
1.2 RELATIONS AMONG PHYSICAL ELEMENTS, DUE
TO THE PROCESS OF PRODUCTION:
In old times, many of the building
materials were put in place without first
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Fig. 20
The use in wood in the houses of
Santorini.
Fig 21
A wooden house in Norway.
being processed. They arrived at the site
as found in nature, or only slightly modi-
fied.
For example, in all houses of Santorini
- a traditional settlement on a Greek island -
wood is used for covering the roof. In con-
trast, in a different context - say in the
Scandinavian countries - wood is used in all
parts of the houses. However, in all houses
of a Scandanavian settlement, even though
not used the same way as - say - in Greece,
the application or use of wood follows
strictly established and generally accepted
conventions in its application, common to
all houses. This does not mean that it is
the individual piece of wood that dictates
by its nature alone, rules which would indi-
cate the only way of its use; in each case,
it is man who "loads" a material with such
rules.
Clearly, rules of this kind cannot be
considered as independent from human atti-
tude and will; they are the result of agree-
ments among men. Thus, the inhabitants of
Santorini, or of a Scandinavian settlement,
share an image which is created by agree-
ments made among themselves of how to use
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the material, and they use it to realize
this image according to each set of rules
flowing from the agreements made.
Through time, materials have been
processed more and more before use. They
are being transformed either on-site or
off-site and, consequently, are imbued with
additional rules. In addition, increasing
labor specialization separates and re-dis-
tributes the various stages of material
transformation to different groups of
producers, e.g., the material producer be-
comes different from the assembler, and
the latter is distinct from the user of the
final product. Thus, the material producer
tends to "load" materials with his own
rules to be followed by the assembler and
then by the user, who may impose additional
or separate layers of rules upon those
already imposed on the product along the
way.
With labor specialization and work
division, more than one interest operates
in the whole sequence of building activities
within the construction process, and each
interest looks upon the latter from its own
point of view.
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The various interests are essentially
either in balance or one will dominate over
the other, depending on the sequence of
building activities in time.
In the case of traditional building,
as in the Santorini or Scandinavia on the
one hand and the industrialized and segmented
production process on the other, different
kinds of relations exist among physical ele-
ments. Thus, aside from "obligatory rela-
tions" of-physical elements, there are other
relations which are the result of nature and
process of their production.
2. BUILDING INDUSTRIALIZATION
Since its emergence, industrialization
of building has caused the production aspect
to gradually dominate over all other aspects
of the building process. Industrial produc-
tion, mainly in its early stages, is not
inherently interested in producing buildings
or building components that can be changed,
once the building has been occupied. Indus-
trial production is primarily interested in
securing "steady demand, continuity of pro-
duction, standardization, integration of
the different stages of the whole building
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Fig. 22
All this for a single custom-
builthouse.
Fig. 23
Standard narts for a thousand
buildings.Decorative elements
incoroorated into mechanical
fixtures.
process, a high degree of organization of
work, mechanization and others."(*) These
imperatives constitute the guiding criteria
for the industrial producer and thus deci-
sively influence the final product.
By its very nature, industrialization
aims at the reduction of variety among its
products, while in its use aspect there is
the opposite objective, to increase variety -
a clear contradiction. With progressive
industrial production of more and more build-
ing components for mass markets, variety
tends to be reduced accordingly.
"Manufacture has step by step taken
the place of the act of building, and all
the minor processes of construction have
shifted from the job itself to the fac-
tory."(**) In this gradual shifting of the
process of construction to the factory, the
decorative elements of building facades
have responded first. At the other extreme,
i.e., in the industrialization of the whole
building, various closed industrialized
building systems have emerged.
The various box, panel and frame sys-
tems, produced and assembled by single
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Fig. 24
Box, panel and frame systems.
entrepreneurial units, did not leave much
room for decisions by other parties involved
in the building process, but that of the
producers. Closed industrialization was
able to offer a limited number of house-
types produced in great quantities, among
which clients could select one.
After quantitative needs had, in fact,
been satisfied by providing technically
adequate housing to large numbers of pre-
viously "underprivileged" users, critics
began to criticize closed systems from the
point of view of environmental and social
considerations.
Still, it is true that closed systems
are the manifestation of an absolute domi-
nance of the production aspect over the use
aspect of the building process.
2.1 SYSTEMATIZATION:
"There are as many definitions for the
term system as there are users." (*) All
three views presented in the preceding
chapter are based on principles borrowed
from, or similar to, the systems theory,
while representing very different, if not
contradictory, worldviews.
60
Jespersen - System
MM 09.9 20.'
MOM..... "a.m 20
Min. .R M"S SOI ___
TVs* .0 9e0 u. Os.Oqs . wSn8.in..s"
,low S.~ UI3 99 9'.MC
*33"tW. -0W W memo$
Conam wnft Wsi-w.rm- m
ev.. .9
Tabl 1MWR
Concerning the various meanings and
the lack of precision of the term "system,"
C. Alexander says:
"This lack of precision in a technical
world might seem dangerous first; in fact
it is often helpful. It allows new ideas
to flourish while still vague; it allows
connections between these ideas to be ex-
plored, instead of having them cut short by
premature definitions and precision."(*)
This, the term "systems design," too,
can be seen as having various meanings and
purposes, depending on the systems designer
himself and on how he defines systems theory.
In all the systems mentioned previously,
intervention in the production aspect of
the building process has taken a different
attitude towards "systems design." In fact,
intervention in the use aspect may be possi-
ble as well, as'will be discussed later on.
The "Jespersen" system and IBIS are
examples of systems initiated by actors
within production.
CLASP was initiated by interests, dif-
ferent from those identifying themselves
with production, given the fact that a pub-
lic authority took it upon itself to act as
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owner and client at the same time, while con-
sidering the importance of economies of
scale, an interest, however, distinct from
that of the teachers and students, i.e., the
actual future users of the "system."
Both SCSD and "Projet Laureat" were
introduced by independent groups of profes-
sionals who considered themselves as consult-
ing intermediaries between the various par-
ti.cipants of the building process.
In contrast, open.systems existing in
the North American market (e.g., the Eames'
house) can be looked upon as the result of
small builders' or even individual users'
ability to "collage" together open catalog
items.
Here is a certain balance between pro-
ducer and user, and one does not categorically
dictate the action of the other.
Between production and use aspects, one
should consider as "dominant aspect" the one
which dictates the action of the other.
Assuming such a hierarchical relationship,
dominance within the context of industrializa-
tion then moves on a trajectory from use to
production aspect, and vice versa. The
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point of reversal on this trajectory occurs
when the production aspect tends to dominate
the use aspect most, and this will coincide
with the appearance of closed systems.
In open systems, production and use
aspect are in balance. To correct the situa-
tion imposed by closed industrialization,
systems design has to intervene in both
production and use aspect. The degree and
type of interventions, in the production
aspect of each of the case studies presented
so far, will be discussed next.
3. THE BUILDING PROCESS
"The term 'building process' is used to
apply to a total cycle which includes the
complete set of building activities. The
duration of the building process should not
be regarded simply as the period of construc-
tion; neither is it to be seen as the period
from the time a client decides to build to
the time of occupation." (*) Indeed, all
stages of the building process, from the
time it is born as an abstract idea in a
person's mind to the time of its demolition,
represent the real and full cycle of a given
building process.
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The nature of the various stages of the
building process, their sequence in time, and
their connectedness (or separatedness) change
continuously, representing the actual process
of building production during each period.
A building is created from materials
joined together in one way or another. The
building process deals with the ways in which
these materials relate to each other and
their combinations.
3.1 THE PROCESS EXAMINED:
Although building processes change con-
tinuously, and despite their complexity,
there are a number of distinct general stages
that can be distinguished and observed in all
building processes.
J. Turner divides the building process
into three "sets of operations," (*) i.e.,
planning, construction management, and main-
tenance of the built object. The division
into stages that I propose corresponds to
Turner's division, but is conceived somewhat
more broadly:
a) There is inevitably a stage in
which ideas about the performance and appear-
ance of the building are worked out, a stage
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of search for resources and the organization
of a plan of action. This is the "conceptual
stage" of the process. The working out of
the mental image of form is an operation
taking place within the 'conceptual stage."
b) The "production stage" of the pro-
cess consists of the procurement of building
products, their processing and assembly. It
is the "hardware" part of the building pro-
cess.
c) The third stage starts after the
occupation of the building and finishes at
the time of the building's demolition. Dur-
ing the "use stage" of the process, modifica-
tions of the building are the result of
active interaction with the users.
The division of the whole building pro-
cess into stages may be conceptually conven-
ient, but is actually quite relative, since
even in the "production stage" there is con-
ceptualization, etc. Equally, during the
"fuse stage," any intervention and change
requires preconception and production. But,
looking upon the building process as a whole,
the stage in which conception or software
operations take place may be defined here as
conceptually different from that which deals
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with the material part of the building.
3.2 THE PROCESS OBSERVED:
3.2.1 Position of the Various Stages Within
the Whole Process:
Changes in the whole process depend on
changes in the nature of the various stages,
in the way they relate to each other, and
their sequence in time. The sequence: con-
ception-production-use is appropriate to the
conventional building process, where the per-
formance of the final product, during the use
stage, is strongly dependent on decisions
established during the conceptual stage. The
designer has to predict and predetermine the
building's performance and organize the
realization of the plans.
Industrial products are selected from
the market, instead of being designed by the
architect and incorporated into the design
accordingly. In this sense, even closed
industrialized building systems are produced
for an open market, an unknown user. Here,
the client has the opportunity to consider
choices among types to select. Production
comes before conception and use. Hence, in
-closed industrialized systems, the whole
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building process can be represented by the
sequence: production-conception-use.
3.2.2 Examination of the Case Studies:
All the case studies presented in this
thesis, are examples of systems that allow
other interests, apart from those of the
producers', to make some decisions which
will affect the final product. Instead of
producing whole buildings, designed by "cap-
tive" architects, manufacturers enter the
process of building by producing building
parts, or so-called "functional units," (*)
which allow independent, individualarchitects
to combine them in several ways. For example,
the "Jespersen" system provides clients with
"functional units," along with a set of rules
of how to combine them in several ways. The
clients' architect then chooses particular
combinations of functional units, which will
fit the clients' purposes best.
IBIS, an initiative of the "British
Steel Cooperation," instead of producing
functional units, designs small components
which, when combined, allow the designer to
realize a greater range of solutions.
Both "Jespersen" and IBIS represent
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initiatives taken by building producers. The
individual architect, when designing according
to the rules of either the "Jespersen" or
IBIS products, enters the process by being
allowed by its rules to make some decisions,
but the sequence is still production-concep-
tion-use. Here, building elements are still
produced according to criteria of production
needs (i.e., low cost of production, economies
of scale, highly standardized products, and
others), and the basic relations among phys-
ical elements are initially determined by
producers, as in the case of closed indus-
trialized systems. However, some initiatives
may be allocated to the conceptual stage as,
for example, in the "Jespersen" or IBIS sys-
tems products that can be combined in more
than one way.
CLASP manages all phases of the build-
ing process and also determines the process
of production. It designs all components
and selects the manufacturers, based on its
own norms and criteria. All activities,
usually included in the conceptual stage of
the conventional design process, are now
taken care of by CLASP, which acts as client
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Fig. 26
Conceptual, Production and Use
stages in the conventional,
Industrialized and systems
processes.
and designer at the same time.
SCSD was designed by a team of profes-
sionals, initially independent of the client
and the various material producers. Aside
from establishing rules for the design of
the basic school building subsystems, SCSD
established a new network of relationships
between the various stages of the whole
building process. Thus, it determined what
decisions will be made by whom and when.
In this sense, the BSD (SCSD) team
played a mediating role between the decision
makers of the process and may be considered
as a fourth component which regulates the
actions of the other three (i.e., the actors
of the conceptual, the production and the
use stages).
"Projet Laureat" is in many ways similar
to SCSD. It establishes relationships be-
tween the parties involved in the building
process, too, but in a less pragmatic way,
since the procedures which help clients to
select manufacturers are not specified as
strictly as in SCSD in "Projet Laureat."
In the cases of CLASP, SCSD, and "Projet
Laureat," it is the conceptual stage that
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determines what will be produced by whom.
Conception determines production and hence
all these systems fit the sequence: concep-
tion-production-use.
3.2.3 Relations Between Stages:
Relations between the "conceptual,"
production, and use aspects are established
by means of communications which may vary
from one process to another. Thus there
are differences in terms of means of communi-
cation as well as in its direction, i.e.,
who determines the action of whom.
"A specification is used to communicate
information from one person to another." (*)
There are many kinds of specifications.
"Standard specifications" describe the
characteristics of an object in terms of
dimensions, materials, appearance, function,
etc., while "performance specifications,"
instead of describing the object itself,
refer to its attributes and performance in
use. The term "technical specification"
refers to the description of a specific
object to be produced for a specific purpose.
In the conventional process, the con-
ceptual and production stages interact
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directly, or via the medium of established
technical material specifications. The de-
signer plans and orders materials and the
manufacturer produces in accordance with the
given plans and specifications.
Designers and manufacturers may be
defined as the communicating parties while
standards and technical material specifica-
tions represent the formal means of such a
communication. Part of CLASP's intervention
in the building process is the change in the
means of communication.
CLASP first involved mroe than one fac-
tory in the building production process and,
therefore, was faced with the problem of
their coordination. This coordination was
accomplished by introducing means of communi-
cation which aimed at free dimensional coor-
dination. The latter was a result of stan-
dard specifications, determining a range of
dimensional rules, so that products produced
independently by various factories could be
combined with each other.
In SCSD, interaction with the production
stage is based on performance specifications,
rather than material specifications which led
to considerable freedom of action to the
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Fig. 27
The Modular Society's building
in the IBSAC 64.
producers in developing compatible subsystem
packages. Manufacturers could produce accord-
ing to their own criteria but always within
the framework of performance specifications,
i.e.,. their products were expected to perform
as predetermined by SCSD.
Performance specifications are usually
determined in accordance to explicitly stated
user requirements. The producer, in turn,
provides the school architect with a manufac-
tured subsystem. But this does not always
need to be the case; some subsystems have
been modified by project architects, but
always within the frameowrk of the perfor-
mance specifications initially elaborated by
SCSD. When compared to the conventional
building production process, and aside drom
a new network of relationships among the
participants of the whole building process,
there emerges a changed framework of action
for designers and manufacturers.
In the case of the Eames' House, or the
Modular Society's House in the IBSAC exhibi-
tion of 1964, and even in the North American
manner of producing individual houses (with
components available in the open market),
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there is communication between the various
stages of the whole building process. It is
communication of a different kind, based on
long tradition and the exchange of historically
based and mutually acceptable empirical
knowledge among the protagonists in the con-
ceptual and production stages. Here, too,
is a horizontal communication, but not imposed
categorically by any one party of the overall
process. Rather, it is a product of volun-
tary agreements among the various parties
involved in the whole building process.
Innovations and modifications of pro-
ducts are introduced as the result of current
technology and industrialized ways of produc-
tion on one hand and of rationalized craft-
based practices on the other. The building
products are standardized, but standards are
followed by manufacturers only after they
have received positive feedback from the open
market through informal and formal channels
of communication. This is the vernacular
architecture of industrialized systems. The
Eames' house is a system not designed by any-
body, but assembled by Eames.
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3.3 PRODUCTION: TRANSITION FROM CLOSED TO
OPEN SYSTEMS:
Aside from the sequence in time and the
relations among the stages of the building
process, it is the nature of the stages them-
selves that affects building performance. In
this chapter, interest focuses on production
and a systems intervention in production.
"Industrialization means the ability to
adapt the building with the processes of the
factory, and this can range from producing
a fixing device through to evolving a total
building system." (*)
This range is covered by ELCON, the
"Jespersen" system, IBIS, CLASP, SCSD, the
Eames' house, all of which may be seen as
steps on the way from "closed" to "open"
industrialized systems. The transition from
closed to open systems is characterized by
a change of an initial division of labor
inside the factory to the differentiation
of factory production as such, by assigning
to each its own specialized task.
Long before industrialization, the
building production process had become a
"complex hierarchic system" as defined by
H. Simon in his article "Architecture of
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Fig. 28
Building production switches from
the factory to coordinated and
then to independent manu-
facturers.
Complexity." In closed systems, each level
of this hierarchic system is assigned to a
specific group of workers, and the final
product brought to the open market is the
whole building. In open systems, different
factories are assigned to satisfy demand on
different levels and by diverse products,
with building parts entering the open mar-
ket as subsystems, parts, components, etc. (*)
Thus, the transition from closed to open
systems can be seen as a gradual decentrali-
zation within the production stage of the
whole industrialized building process. The
place of the manufacture of a whole build-
ing is taken by many manufacturers of many
compatible components.
3.3.1 Assembly:
Initially assembly, as a distinct task,
appeared together with prefabrication. An
alternative way to express the difference
between traditional methods of production
and prefabrication is to distinguish be-
tween a building that has been "assembled"
rather than "constructed."
In closed industrialized systems,
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assembly and production to the level of
functional units are inseparable and are
accomplished simultaneously within the
domain of a single manufacturer.
This is the case with ELCON and the
"Jespersen" system. However, the "Jespersen"
system allows assembly of functional units,
on-site, in different ways and in the care
of independent architects. This may be con-
sidered as the first attempt of a separation
of the production of physical elements from
assembly in the context-of industrialization.
IBIS makes available to the open market
small components, produced by one factory.
They are assembled on-site, but in accordance
with rules made by the producer.
CLASP components are produced in several
concrete factories and assembled on-site.
Thus, CLASP determines the nature and the
manner of combination of the components to
be used in all school projects.
SCSD designates manufacturers who pro-
cure and produce five of the school-sub-
systems while the designer of each specific
school project is free to select manufac-
turers of other subsystems, beyond the
specified five.
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In the Eames' House, components are
assembled in different ways, from a pre-
determined set of components from "Sweets'"
catalog. Thus, assembly moves into the
domain of responsibility and initiative of
the building assembler, as differentiated
from the producer of components.
3.3.2 Communication Within the Production
Stage:
The notion of a "Standard" is associated
"with the notion of authority and uniqueness;
a standard belongs to a person or institu-
tion of authority and serves to bring men
of a particular group (e.g., a factory staff)
together." (*)
Thus, standardized procedures, imposed
from top to bottom of a factory's interior
hierarchy, represents a form of communica-
tion that inherently aims at repetition.
Standardization products are "articles for
continuous repetitive production" (**)
which, along with standardized procedures,
lead to increased productivity, reduced
production cost, reduced material handling,
and so on.
In closed systems, which are produced
in a single factory, standardization is
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enough to secure communication within the
production stage of the building process.
CLASP is the outcome of the collabora-
tion of more than one factory. Thus, manu-
facturers have to communicate with each
other in order to produce compatible com-
ponents. "In order to achieve such advan-
tages (i.e., coordinating principles), CLASP
set up an elaborate system of cooperation
and coordination" (*) which, aside from
dimensional compatibility, also secures
interchangeability of components.
The element added by SCSD is the
establishment of links between selected
manufacturers who produced the five basic
subsystems and the producers of the "free"
(i.e., optional) subsystems. Among others,
SCSD performance specifications emphasize
the necessity for interdependence among
the various subsystems.
The Eames'.house project faces the
problem of combining the components produced
by independent manufacturers. Communica-
tion among manufacturers is realized only
through the medium of their products. For
this to happen, components have to be
A s J r M 0 1. r
Fig. 29.
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designed to freely facilitate their connec-
tion in as many ways as possible.
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4. SUMMARY
Systems design, as manifested by the aforementioned case studies,
intervenes in:
a) The sequence of stages
b) Communication between stages
c) Production stage
d) Assembly task.
From the ELCON to the "Jespersen" system, and, sequentially to IBIS,
CLASP, SCSD or "Projet Laureat," and finally to the Eames' House, a con-
tinuous decentralization of the building process can be observed. In the
transition from ELCON to the Eames' House, relations among physical elements
tend -to evolve as the result of agreements which are mutually accepted by
clients and manufacturers, designers and manufacturers, or manufacturers
and building assemblers, instead of being imposed by either one of these
parties upon the other.
The process is still industrial, but instead of producing a whole
building or discrete functional units, manufacturers produce small compo-
nents. There is still communication between the various participants of
the building process, but instead of producing in accordance with standard
specifications, manufacturers produce following performance specifications
as defined by systems architects, which in turn are determined by user
requirements.
More than one manufacturer takes the place of the factory which
produced all building components, and the latter are produced to be com-
bined in as many ways as possible.
Still, in the context of industrialization, decisions are made by
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more than one participant; and within the range of systems presented as
case studies, one observes an increasing tendency to expect participants
to decide on matters that affect their environment.
"Relations among physical elements are relations among men," (*)
and such relations among men (i.e., participants in the building process)
tend to be changed by the interventions of systems design.
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Interlude
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The next chapter deals with the use aspect itself, and the interven-
tions in it, by examining various case studies of systems. In the first
chapter, use was considered not only as a set of activities occurring
after a building is occupied; but also as a broader concept, found in all
activities and factors shaping the whole building process.
Intervening in the production aspect, systems design changes the
ways of use as well as the manipulation of building products in all the
various phases of the building process. In each systems example, the
tasks of sub-assembly and assembly are accomplished differently, sometimes
by different participants in the building process.
Differences and changes in the various tasks in each system are
reflected in the ways a building is subdivided into parts and elements.
For example, the "Jespersen" system divides the building into functional
units; here the task of sub-assembly is performed within the factory,
while assembly takes place on-site and is accomplished by the general
building contractor. In contrast, IBIS divides the building into compo-
nents that are both sub-assembled on-site by the building contractor, who
is hired by the client.
In "performance requirements for buildings," a study by Tarja Cron-
berg, (*) it is stated that the current building subdivision into spaces,
building elements or stages corresponds to the needs of the production
process, and a new building subdivision, emanating from user activities,
is proposed. However, as discussed previously, the performance of a
physical element is perceived as strongly dependent on the process of
production; and since production and use cannot he approached in isola-
tion, interventions in production and use aspects are perceived as not
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completely separated and isolated tasks (i.e., changes in production
produce changes in the use aspect). The crucial issue at this point is
whether interventions in the production aspect correspond to needs of
production, or of use, or both.
In this thesis, systems design is looked upon as affecting both
production and use simultaneously, as dividing the building into parts
and elements in correspondence with the needs of both production and use.
Accordingly, when the systems cited above divide the building into parts
or elements, they take into consideration, to varying degrees, not only
the needs of production but also of use.
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Interventions
use
in the
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FOREWORD
In this chapter, I will discuss how systems design intervenes in the
structure, i.e., the rules that determine users' action as it affects
their dwellings.
Here, we are interested in action that produces change before or
after the time of occupation, the decisions users can make about the
"selection" and "distribution" of physical elements of the building in
use.
"Territory" (*) is the context of user's action. In this chapter I
will discuss "relations of place," i.e., structure that determines "the
crossing of physical elements from one space to another," (**) or the
physical elements that can be removed from, or added to, a "territory."
Next, I will search out causal factors that shape relations of
place. Among other considerations, the very nature of "renewable" or
"non-renewable" resources has been found to restrain users from exercis-
ing "territorial control." The distinction between resources as "renew-
able" and "non-renewable" (***) is introduced by J. Turner, along with
the notion of "levels of action," (****) and has to do with the capacity
of any participant in the building process to acquire and manipulate
such resources.
Given this definition, resources may not only be renewable and non-
renewable; they may also be allocated or failed to be allocated on each
user's level of action, depending on their type and on their very nature.
Systems design intervenes in the type and in the ways of the dis-
tribution of any resources. Physical elements make up part of the
resources, and the way a building is divided into components, parts,
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subsystems, determines the distribution of resources on the various levels
of action.
For example, closed systems divide the building into discrete func-
tional units which cannot be manipulated by the actual user. Thus,
division of the building by SCSD into subsystems, primary parts, and
components, dedicates subsystems on the level of action of the project
architect, and parts and components on the level of action of the actual
user.
Aside from building elements, other resources encompass less tangible
factors, such as financing, tools, machinery and labor. I will discuss
"1partial industrialization" as a "manufacturing and production strategy
that selectively uses some industrialized means, used by systems design,
while avoiding and postponing the use of others." (*)
The notion of partial industrialization, introduced by J. Turner,
along with K. Claxton's "process/product matrix" and R. Spillenkothen's
and J. Renner's "building process model," have helped me to structure
the discussion of the last part of this chapter.and clarify the various
aspects of industrialization as well as the transition from less intensive
to more intensive industrialized methods.
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1. RELATIONS OF PLACE
Aside from "obligatory relations," or relations dictated by the
production process, there are other causal factors shaping the relations
among physical elements. These are factors related to agreements among
men, that are revealed in the building environment, and in turn affect
it as determining elements.
There are several kinds of such agreements; some of them are rigid
or relatively permanent and thus accepted as obligatory. They are usually
introduced by a central authority, such as the state, a municipality, or
the community. Others may be deeply rooted in our nature - biological
or psychological - accepted by all and thus not imposed by anybody in
particular.
"Relations of place," as defined by N. J. Habraken, are the result
of such agreements, and are implemented through physical elements impos-
ing "limits" to action in the built environment. Relations of place
determine the field of action of the actors in the built environment.
In other words, they determine their field of intervention, i.e., the
spaces within which they can change the selection and distribution of
physical elements.
1.1 RELATIONS OF PLACE DUE TO PHYSICAL ELEMENTS:
In reality, a user's capacity to change the selection and distribu-
tion of physical elements, in a space assigned to him, is by and large
quite low as, for example, when he is unable to move the rigid walls of
his house, or change the position of wall openings. The current distribu-
tion of decision-making power, by a determinate design-procurement build-
ing process, restrains the user from exercising territorial control
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beyond the limits imposed by rules in the "as built" setting.
Relations of place are not only the result of agreements concerning
place, but are influenced also by the very nature of the physical ele-
ments of a building, e.g., members of the structural skeleton of a build-
ing cannot be changed by. the inhabitants. Here, physical elements impose
constraints upon the user's action and establish specific relations of
place.
Thus, one cannot always redistribute the electric wiring in a dwell-
ing, although it is within one's own territory. Equally, one cannot
always remove the interior walls because they may support the ceiling.
Such operations may be technically feasible, but are usually not afford-
able by the individual dweller.
Later in this chapter, resources in general (i.e., money, tools,
materials owned by the user, in this case) will be discussed as constrain-
ing users from the exercise of territorial control. Thus, one can say
that resources, too, determine or rather influence relations of place.
1.2 KINDS OF RELATIONS OF PLACE:
I have found three different causal factors that shape relations
of place; however, there may be more.
a) Obligatory agreements, e.g., laws or regulations concern-
ing property.
b) Technical constraints, e.g., the load bearing structure
of a building, or fixed elements related to structural/
safety systems.
c) Nature of resources, which will be discussed later.
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Relations of place are non-material, i.e., rules, and they function
as a framework around a users' action, dictating what they can do in
what space. They are the structure determining users' interventions in
the building variants (certainly in items b) and c) mentioned above,
while in item a) relations of place are also determined by variants,
but htis is beyond the scope of my thesis).
Changes in relations of place are the result of interventions in
structure. Interventions in relations of place which are due to
"obligatory agreements" are beyond the influence of the realm of archi-
tecture. However, various approaches and theories have been elaborated
by architects who have tried to change the relations of place through
interventions concerning the other 'two causal factors.
2. RESOURCES
The whole building process requires energy and resources, borrowed
from the exterior world, for its realization. Land must be secured for
the building to be placed on it, as well as materials, tools, and skills
(technology) procured for their manipulation. A labor force (i.e., skill)
is necessary for the accomplishment of any building activity, as well as
the means to capture all necessary types of energy, and to guarantee
economic viability of such realization (i.e., finance). Management and
coordination of all these inputs is another task to be undertaken. Accord-
ing to E. Ehrenkrantz, land, labor, technology, finance, and management
are the vital resources necessary for the implementation of any compre-
hensive building process. (*)
J. Turner distinguishes between resources as renewable and non-
renewable, resources that can be modified and others that cannot be
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manipulated by users. For example, there are tools that may be perceived
or defined as renewable resources but only under certain circumstances,
e.g., a construction firm can use and maintain cranes, while a family,
building its own shelter, usually cannot. For the former, cranes are
renewable resources; for the latter, they are not. This distinction is
based on the existence, or non-existence, of "interaction between people
and their available resources." (*)
"Central organizations have the power to use certain kinds of tools
and resources such as industrial mass production, they may have little
or no power over other, such as personal care to maintain dwellings
built." (**) The crane or industrial mass production can be considered
as- resources allocated on the "level of action" of a large building
organization. Self help or simple tools and materials are allocated on
the level of action of the individual dweller.
Certainly, there are physical elements that can only be provided
centrally to the users and which, by their very nature, do not respond
to the users' level of action, such as street networks, service infra-
structure, and others. The important issue, at this point, is the
separation of the levels of action of the various parties involved in
the whole building process. Such a separation has been attempted by SAR,
or Y. Friedman's method, when they talk about "support" (***) and
"infill," (****) or "objective" and "intuitive systems" (*****)
respectively. Both approaches provide users with methods which help
them in making decisions concerning the distribution of physical elements
within their field of action. They divide the whole building into two
parts: a) the centrally provided part, and b) the part which can be
influenced by the users themselves.
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2.1 SYSTEMS DESIGN:
"Systems design is concerned with a client's priorities for the
allocation of resources, and for the development of options on how the
resources may be allocated, so that a client can relate his priorities
to real options." (*)
Thus, wheras participatory approaches determine the users' level
of action and develop options concerning various arrangements of the
physical elements, systems design makes an attempt to allocate actual
technical resources on the users' level of action. Participatory
approaches provide users with the structure and systems design in which
the variants of the system consist of the physical elements of the users'
territory.
Systems design defines levels of action by means of physical elements,
i.e., in SCSD, there are certain components (interior partitions) that
can be rearranged by the actual users. Because of their nature, such
components are allocated to the users' level of action. Participatory
approaches, such as SAR and Y. Friedman's method, do not provide users
with building components; they provide users with design-related options
of how to arrange building components.
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Fig. 30
Correspondance between
levels of action and resources
2.2 RESOURCES-LEVELS OF ACTIONS:
a) A large building organization tries
to find, among the various building contractors,
the most appropriate system and/or contractor
for the purpose of its project. Thus, whole
building systems or means for their produQ-
tion are resources allocated on the level of
action of building organizations that under-
take large scale projects (e.g., all schools
in England, a mass housing project).
b) For the implementation of a specific
project, manufacturers or contractors of
building subsystems (i.e., subcontractors)
are selected. Building subsystems, or the
means for their production, are resources
allocated on the level of action of a single
building project organization (e.g., a
school, a housing project).
c) Individual users, when they want to
modify, add or construct something with their
own means, select small-sized, components or
materials which they can process by themselves.
Small components, or the means of their produc-
tion, can be allocated on the level of action
of the individual user. Systems elements
can be allocated on various levels of action
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Fig. 31
The Japanese house.
in many ways. They can be procured, or they
can be simply determined. Equally, they can
be prescribed through more or less rigid
rules. Thus, systems elements can be defined
as follows:
1. All subsystems of the system.
2. Rules as "lines" (*) concerning the
system.
3. Rules as "limits." (*)
4. Some or none of its subsystems.
Aside from the way a building is divided
into parts, the nature of such a division is
of interest. (Table 2)
3. THE BUILDING DIVISION
Since any building activity is a "com-
plex hierarchic system," building processes
tend to become repetitive. In fact, they
can be considered as such, since components
are repeated for making parts which, if
repeated, make larger parts and so on. Aside
from the repetition of physical elements,
the process also is repeated on the various
levels of sub-assembly and assembly.
Ancient Greek temples, the cathedrals of
the Middle Ages, and the Japanese house with
Resources
i i~
non
renewable
subsystems
Level
of action
users
Resources
non
renewable
components
determine non
all users renewable
components components
rules renewable
tas lines users comonents
B-P.O. renewable
subsystems -. _irules as renewable
limits users components
some com- renewable
ponents not users components
determined
determine non
all users renewable
Icomponents components
rules renewable
as lines users comoonents
B.P.O. renewable
subsystems j rules as renewable
limits users components
some com- renewable
ponents not users components
determined
determine
all
comoonents
rules
as lines
renewable
subsystems |rules as
Ilimits
some com-
ponents not
determined
non
users renewable
components
renewable
users comoonents
renewable
users components
renewable
users components
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Level
of action Resources
Level
of action
Building
Project
Organization
System
determining
all
subsystems
System
setting
rules
as lines
Building
Organization
System
setting
rules
as limits
System not
determining
some of the
subsystems
B.P.O.
Table 2
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Fig 32
Medieval church built out of
additive spatial units.
its modular order, are some historical exam-
ples in which the repetition of some physical
elements is clearly expressed in the overall
building form.
Aside from the existence of repetitive
physical elements, repetition leads to the
establishment of rules, where things should
go and how they should fit together. These
rules, concerning the type of repetitive
unit, and the ways in which it should be
combined, have changed through time. The
criteria for selection of the repetitive
unit of the Greek temple was "harmony,"
"purity of form," and other issues of reli-
gious significance. They found expression
in the appearance and order of the built
form.
Labor organization in guilds during the
Middle Ages was another factor influencing
the articulation of the medieval cathedral.
"Additivity of small parts to achieve
predictable forms became the basis of con-
tinuous and exact output" (*) during the
"Machine Age." In all these hierarchical
divisions, the interesting and elusive issue
is who decides on what kind of separation
and based on what criteria.
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The building division into site, ground
structure, structure completions, finishes,
services (plumbing, electrical) and fittings,
as-for example-undertaken by the SFB system
(Table ), corresponds to the needs of produc-
tion "and describes at best the end product
of the building process." (*)
In our time, large building organizations
tend to minimize effort through standardized,
repetitive procedures, plans and production
of closed industrialized systems, which are
evidently, most appropriate for their level
of action.
3.1 BUILDING INDUSTRIALIZATION:
As in any building process, and thus
in the context of industrialization also,
building is divided hierarchically and pro-
duced through a hierarchically structured
process. Such differing hierarchical divi-
sions of the physical elements of these
buildings are evident, too, in the various
industrial building systems presented here.
3.1.1 Closed Systems:
In closed industrialized building sys-
tems, the functional unit is the smallest
physical element coming out of the factory,
GROUD
SUBSTRi tURE
Ground,
Earth Shapes
floor Beds
foundations
Pile foundations,
Summary Ground
Substructure
(Building)
STRUCIURE
Walls,
External Walls
Internal Walls
Partitions
Floors,
Galleries
Stairs, Ramps
Roofs
Summary Structure
(Building)
COMPLE IIONS
Esternal Walls'
Completions
internal Walls'
Completions
floors' Galleries'
Completions
Stairs' Ramps'
Completions
Suspended
Ceilings
Roofs' Completions
Summary Completions
(Building)
F INISES
Vall finishes
Eternally
Wall finishes
Internally
floor finishes
Stair, Ramp
finishes
Ceiling
finishes
Roof finishes
Summary finishes
(Building)
SERVICES
(mainly piped,
ducted)
Services
Centre
Drainage
Refuse Disposal
Liquids Supply
Services
Gases Supply
Services
Space Cooling
Services
Space Heating
Services
Ventilation I
Air Cond Services
Summary Services
(mainly piped and
ducted, Building)
SERVICES
(mainly electrical)
Electrical
Centre
Power Distribution
Services
Lighting
Services
Communication
Services
fransport
Services
Summary Services
(mainly electrical,
Building)
fIING$
Display, Circulation
fittings
Rest, Work, Play
fittings
Culinary, Eatinq,
Drinking fittings
Sanitary, Hygiene
fittings
Cleaning, Naintenance
fittings
Storage, Screening
fittings
Summary fittings
(Building)
Table 3: Description system for a building
The SfB-system (1973)
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Fig. 33
Building division into slabs
ans panels.
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based on the needs of production.
A painted partition wall, including
openings as well as electric wiring and
pipes, may be the smallest unit to be so
assembled. "It is the result of a division
of the building to be built into parts, the
size and shape of which are solely determined
for the sake of quick assembly of large
elements on-site. " (*)
Closed systems have been used by large
organizations that undertake mass produced
projects which can be erected quickly. The
users' level of action is centrally defined,
along with the resources used (considering
functional units as such) which are centrally
planned and procured.
However, even among closed systems there
are differentiations in terms of their divi-
sion into parts. ELCON, for example, pro-
vides its clients with functional units as
well as the exact way of their combination.
The "Jespersen" system provides functional
units with rules of how to combine them.
3.1.2 CLASP:
The whole system is produced by various
manufacturers who deliver their products to
Fig. 34
The building is divided
according to the needs of
production.
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Frame
Roofs
External ialls
Internal walls
Upper Floors
Staircases
Fixtures, Fittings and Equipment
Furniture and Furnishings
Hot and Cold Water
Beating Installations
Mechanical Ventilation
Electric Lighting
Communications Installation
Mechanical Services
Special Services
External Services
Drainage
Fig. 35
CLASP (MK5) division into
subsystems.
each distinct school project. The division
into specific subsystems has been made by
CLASP itself which, in this case, acts as a
design-procurement organization. The hier-
archical division of the whole building pro-
cess is based on the principle that components
should be applicable to as many building
projects as possible, in varying combinations
and permutations.
As far as building elements are con-
cerned, resources are renewable on the level
of action of each school project. On the
level of the individual project, the project
architect can choose among the various com-
ponents and the ways of their combination.
3.1.3 SCSD:
Some subsystems are predetermined by
SCSD, while others are left to be chosen by
the architect of each specific project. Thus,
SCSD subsystems allow for modifications
within the framework of performance specifi-
cations established by the SCSD designers.
This allows an allocation of resources
through limits.
Interchangeability, quick assembly, and
disaseembly of components are integral parts
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Fig. 36
of the building performance specifications.
Such component characteristics allow some
of the users-teachers and school administra-
tors-to change the position and disposition
of components after the building's occupa-
tion. Thus, in SCSD, on the level of action
of school administrators and/or teachers,
components are allocated as renewable
resources.
3.1.4 The Eames' House:
In this case, one can talk of a build-
ing system only in a very broad sense. The
open market of industrially produced compo-
nents can be considered as a vast "open"
system. The open market does not determine
what components will be used by whom; it
only provides options with regard to compo-
nents to be chosen, either by professionals
or by users themselves.
Broadly speaking, one can also dis-
tinguish between subsystems, or a compatible
group of components, among those available
in the open market. A building contractor,
for example, in order to get materials for
the construction of the load-bearing struc-
ture of a building, selects from a catalog
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those components which are compatible and
appropriate for his purpose; i.e., he
selects a subsystem. For renovation, chang-
ing or adding to their own building, the
individual user or small builder may also
select components from the open market.
The situation thus described may be
elsewhere considered a universal ideal, but
somehow it is already reality in the North
American open market of industrially pro-
duced catalog building components. The
Eames' house can be looked upon as an experi-
ment which intended to prove that the exist-
ing market of catalog building components
in the United States is close enough to
that ideal situation and that in such a
context, renewable resources may be allocated
on all levels of action.
All systems presented here as examples
or case studies were created in highly
industrialized contexts. The use of ELCON
in Western Europe in the 1950's, or of SCSD
in the United States in the 1960's probably
should not be repeated exactly in the same
manner in different contexts. None of
these systems could accomplish the alloca-
tion of resources on the same level of action
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of any given building organization or any
individual user in countries such as Greece
of Egypt, except if transferred with care-
fully adapted modifications.
3.2 PARTIAL INDUSTRIALIZATION-SYSTEMS
DESIGN
A primary objective of systems design
is the elimination of work-on-site, along
with the allocation of renewable resources
on the appropriate level of action, each
time. Renewable resources represent the
"right" mix of materials, labor and money.
Case studies of industrialized techniques
applied in less industrialized contexts,
which have failed to provide users with renew-
able resources, have been well documented
by J. F. C. Turner and I. D. Terner in
"Housing Industrialization."
Concurrent with a building's division
into subsystems, parts and components, there
is another division of importance. It con-
cerns the degree to which a building has
been industrially processed before arriving
on-site.
Some materials are minimally processed
in the factory and need additional modifica-
tions on-site. Others are more extensively
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processed, and yet others are completely
finished and ready to be assembled without
any further modification.
Thus, various building products can be
industrially produced, to one degree or
another, before arriving on-site and depend-
ing on the level of development of each
context.
R. Spillenkothen and J. Renner, in the
article "Standardization and Industrializa-
tion," (*) look upon the whole building pro-
cess as a "dynamic network" having as dif-
ferent stages as the situations described
above (Fig.37).
The various degrees of industrial
processing of a product, discussed above,
also match the division of the building pro-
cess in terms of assembly into four stages,
as introduced by K. Claxton and R. Wilson. (**)
(F) Forming: materials to parts
(SA) Sub-assembly: parts to components
(PA) Pre-assembly: components to ele-
ments, and elements
to spatial units
(A) Assembly: spatial unit to build-
ing
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Fig. 39
The four orerequisites for full
industrialization.
In that sense, the "product process
classification matrix" represents a develop-
ment of options, any one of which may be
chosen as the optimum combination of mate-
rials and labor for each situation.
The path indicated in Fig. 38.1 repre-
sents a limited use of industrialized tech-
niques input of labor and technical skills,
on-site. In Fig. 38.2, the process/product
relation shown corresponds to the use of
industrialized techniques to a much higher
degree, along with limited work on-site.
I. Terner and J. Turner consider
industrialization as a "composite process"
that "encompasses four major and independently
variable aspects:" (*)
a) Systemization of products.
b) Specialization of labor.
c) Concentration of production and
marketing.
d) Mechanization of production.
A product is "partially industrialized"
if only some of these variables are imple-
mented during the production process. If
all four variables are implemented, then a
product may be considered as total industrial-
ized. Consequently, there are different
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degrees or aspects of industrialization,
"depending upon which aspects are included
and combined in any given scheme." (*)
Looking upon this division of the
building process, as introduced by K. Clax-
ton and R. Wilson, one can consider "form-
ing," "sub-assembly," "pre-assembly," and
"lassembly" as implemented by the use of more
or less partially industrialized techniques,
i.e., forming can be accomplished with
industrial techniques involving only one or
two elements of industrialization, systemati-
zation, or both a systematization and speciali-
zation of labor.
Such a view of industrialization pro-
vides designers with a range of options from
which a particular one can be selected, i.e.,
one which best fits the development level
of a given context.
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Interlude
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Systems design affects relations of place through a predetermination
of the use of partially or fully industrialized building components
obeying certain rules of dimension and position. The various building
systems discussed earlier allow users to intervene and change their
immediate environment to varying degrees, by allocating more or less
renewable resources on the users' level of action.
Technical constraints are still present to varying degrees, but they
can be partially eliminated or rendered more intense. In panel systems,
load bearing walls create tecnnical constrints, for users to exercise
unrestricted territorial control. In systems where partitions are
separated from the columns, technical constraints are substantially
eliminated.
The essense of the preceding chapter refers to the nature of build-
ing materials and the means for their manipulation that are available
as factors influencing a user's action within his territory.
However, aside from resources or technical constraints, there is
another issue that affects a user's action. This has to do neither with
the users' territorial control, nor with constraints of positional rela-
tions among physical elements; rather, it has to do with the users'
familiarity with building materials and the way they are combined and
manipulated, or more precisely, with the ways materials are introduced
and established as a "vocabulary" for articulating a building's compo-
nents.
Building components may have been agreed upon and accepted by both
users and builders. They may also be imposed upon users and builders
by manufacturers. Or, they may be introduced by systems designers. I
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have named the systems composed of components which are agreed upon by
users, builders, and manufacturers, "non-designed" systems; and I define
"designed" systems as those which are imposed upon users, builders, and
manufacturers from outside.
Thus the question, who makes decisions about the plan and equipment
of the house, really concerns the building process itself. But another,
perhaps equally important question could be asked: Who makes decisions
about the context in which a building activity takes place?
Both designed and non-designed systems constitute the environment
of any building activity, i.e., the context in which users, builders,
and manufacturers act. However, designed systems, even in their most
"open" manifestation, shape and impose the context of the building pro-
cess in order to provide users, builders, and manufacturers with a
framework for free action; while non-designed systems constitute a
context for building activity based upon agreements made by users,
builders and manufacturers themselves.
The difference between designed and non-designed systems go further:
designed systems resist integration into the actual tradition of build-
ing practice of the place to which they are applied, since the partici-
pants in the building process, who use such systems, are not familiar
with the system's materials and techniques. Moreover, designed systems
cannot evolve through time, since systems designers are not there to
modify and innovate them.
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1. EVOLUTION OF A RURAL HOUSE
In Greece, there is a group of rural
settlements with houses sharing many charac-
teristics. It would be useful to look at
the evolution of this house-type, in terms
of their production as well as the arrange-
ment of their space.
a) The process:
Each family built its own dwelling,
using their own resources and helped by
neighbors or guilds of masons, who traveled
from place to place. Stones were used to
build the foundations, and the exterior
walls were built with mudbricks. Wood was
used for doors and windows, the interior
Fig. 40
partitions, and the roof.
With the progressive introduction and
use of industrial materials, i.e., bricks,
concrete, and machined sections of wood,
production of the building shifted gradually
from the inhabitants to the general building
contractor. Reinforced concrete and bricks
provide a load bearing structure as well as
the partitions of the houses of today, even
in this rural area.
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Fig. 41
The evolution of the rural
house.
b) The house-type:
Initially, the whole house consisted
of a large, undivided space, where all acti-
vities took place. The division of this
space into two, and then three spaces, was
the first stage in the evolution of the
house. Activities that hitherto were per-
formed in small separate detached buildings
are now incorporated into the houses' main
body.
. But even the most recent houses, and
despite the fact that they are produced
differently, have inherited some characteris-
tics from the oldest ones, such as their
proportions and the several arrangements of
spaces.
1.1 THE BALLOON FRAME:
The shortage of highly skilled workmen
in North America in the 1800's required the
simplification of building methods and
maximum precutting and material preparation
off-site. Small size, standardized lumber
pieces were used in construction as "studs"
or "joists," so that a "frame" was made to
work as an integrated whole in terms of its
structural properties.
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The size of lumber pieces was standard-
ized, along with the dimensions of the ver-
tical elements and their spacing. "Two by
four" and the two-inch dimension became the
standard repetitive module, well known by
everybody, and eventually accepted as the
basic standard for all wood construction.
The Balloon Frame changed considerably
throughout its history, and has adapted con-
tinuously to the actual ways of new materials
and production methods. Industrially mass
produced pieces of wood are less than "two
by four" now, and the basic module has
changed from 12 inches to 16 inches. How-
ever, it is still based on, and constructed
according to principles stemming from the
past. "Its details are still known, and
the essential hardware needed to put it
together or to restore it is still available
in the hardware store around the corner." (*)
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2. NON-DESIGNED OPEN SYSTEMS
A house-type (a rural house in Greece), or a construction principle
(balloon frame), or a component (sash window) evolve through time,
gradually transforming, but always keeping some characteristics of their
previous incarnation. Continuity in evolution becomes apparent at each
stage of the transformation of a given house-type, a construction prin-
ciple or a building component. Thus, the new combines or incorporates
innovation with traditional features, as certain elements are transmitted
from one stage to the next.
Long term continuity usually exists in buildings produced in any
unchanged context and under constant production circumstances; i.e.,when
the process of construction remains unchanged for a long period of time,
as in vernacular architecture.
However, the examples presented show that there is good evidence
that continuity is seldom disturbed completely, even when the process of
production has experienced accelerated changes. Thus, for example, the
space arrangements in rural houses are deeply rooted in the past; the
"two by four" or the two inch module are dimensions adapted to new indus-
trial ways of production; the mass produced sash window has borrowed
some old details from the traditional window made by craftsmen.
Thus, certain similarities occur in each one of these products, either
in form, or as standards, or in layout. It seems that all have something
in common: they all originate in common initial roots. This is what
may be called the unity of production and use, transformed through time
but still retaining many or some of the complex bonds that make it a com-
plex undivided whole, a real open system.
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"Regularity" results from action within the boundaries of such a
system. Obedience to the structure and variants of the system is that
which creates regularity. There is no such thing as unlimited choice
among methods and materials.
Materials, even though they are concrete and determined, may be of
several types, made by distinct manufacturers, and usually capable of
being joined with each other in more than one way.
Thus, there is still variety, made possible by freedom of movement
within the boundaries of the system. There is no single identical balloon
frame house in the neighborhood where I am living now. Although all of
them are built according to a single construction principle and with the
same basic materials, each has been adapted to the demands of the home-
owner.
Even in the context of industrialization, variety can be obtained
as long as industrial production stays "in the realm of materials nad
small size components of so general a nature that every house builder
can use them." (*) The building assembler acts independently, yet in
collaboration with the component manufacturer. All builders know how
to combine the products of the manufacturers, and all of them have some-
thing in common, e.g., they may share the image of a window because of
widely accepted agreements but not necessarily imposed as obligatory.
These are "private" agreements, not imposed from the outside, but agreed
upon informally by both producers and users; agreements of the same kind,
as styles and fashion, or of the ones Habraken refers to when he talks
about the "Order of Understanding."
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Similarities and differences, regularity and variety are characteris-
tics of non-designed open systems. However, another characteristic that
goes along with such systems is locality or contextuality.
Both production and use are rooted in a given context, social,
economic or environmental, which includes both producers and users.
Agreements are contextual, being affected by all factors that shape the
environment of the building activity. Industrialized vernacular archi-
tecture cannot be transferred from one place to another, unless the
environmental characteristics that shaped it are transferred, too. This
is possible only for some systems, and if a transfer occurs, it has to
be adapted to the new situation.
The Eames' house is the product of a non-designed system, constructed
with open catalog comppnents. It can be seen as an experiment which
intends to prove that the existing United States "catalog" system is open
enough and capable of providing builders with variants that can connect
to each other freely and in a great variety of ways.
The Eames' house is a manifestation of industrialized, vernacular
architecture, in the context of the existing state of North American
building reality. The whole attempt is the expression of a professional
architect's respect for a non-designed open system.
Eames went beyond the conventional attitudes of the architectural
profession, which aims at complete "freedom" for architects to make
decisions on materials and form. By accepting the limits imposed by the
"catalog" system and directing his creativity to the search of ways to
combine building components that can be found in the open market, he has
respected another "freedom," namely that of all the participants who are
active in the context of a given building activity, which in this case is
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the catalog system.
2.1 SYSTEMS DESIGN:
Various approaches and methods of production and procurement have
been developed in order to help the mass production of housing, schools
and others. When N. J. Habraken refers to Operation Breakthrough sponsored
by the United States government, he claims that all methods included in
it ignore the actual practice and the building tradition, accepted in the
United States home building sector. (*)
Systems design efforts aim at re-establishment of the lost continuity.
"Indust.rialized Housing," develops the notion of "partial industrializa-
tion" which aims at building industrialization without disturbing con-
tinuity.
SCSD corrects CLASP by encouraging users' involvement in the decision
making process. It shows users how to communicate and how to elaborate
a structure. In addition, it determines the variants on which they can
decide.
The channels of communication (users' requirements-performance
specifications-production) are programmed in such a way as to remain
valid and functional even after the designers of SCSD have left the
scene. Thus, systems design is interested, among other concerns, in
establishing a network of relationships among the various participants
of the building process.
There is room for movement within the limits of a designed system;
there is also room for modification and evolution. Actually this is
the objective of systems design; namely to create variety in the context
of industrialization. I think it succeeds in achieving this objective,
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if we consider it in comparison to other approaches previously referred
to.
I will now examine "product-oriented approaches," participatory
approaches" and "systems design," in order to discuss the kind of degrees
of interventions in the decision-making process of each approach.
Earlier I referred to the traditional architect's task, or to con-
ventional architecture, as dealing with predetermination and prescription
of the final building solution through design; this may be legitimately
called a product oriented approach. I also dealt with participatory
approaches when I referred to SAR or Y. Friedman's intuitive and objective
systems, or to C. Alexander's "Pattern Language." Systems design has
been more extensively discussed, being the primary object of observation
in my thesis.
2.1.1 Variety in Systems Design:
Every system is the subsystem of a larger one, and so it is with
every problem that can be looked upon as a system.
In a housing problem and before coming up with a master plan, one
may theoretically consider all possible alternative solutions. After
selecting one, one may start to think about alternative layouts of the
individual dwellings, and so on.
Thus, one may see these as levels in the problem-solving process,
however, not isolated one from the other. Problem-solving on one level
takes into account the problem on the next level, and solutions on one
level constitute the context of the problem on the next lower level.
All problems have a client which may be a person, or a group of
persons a-fected by the final solution, (*) as well as a problem-solver,
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or decision maker, who may be either the client himself, or a specialist,
or a team of specialists.
Considering "generating variety" and "reducing variety" ( *) as two
distinct tasks of the problem solving task, one may consider these two
tasks as distributed between client and specialist on the various levels
of the problem-solving process, i.e., the architect in his traditional
role, when he decides on a house layout, generates variety by offering
several options to the future users of - say - how to arrange the furni-
ture in the plan. The selection of one option represents the "reducing
variety" stage on the level of furniture.
Thus, in a process oriented approach, the client or the user of the
final building accomplishes the reducing variety task on a very low level
of the problem-solving process. The architect retains as his domain
both the generating and reducing variety tasks, e.g., to the level of
furniture.
All participatory approaches elaborate a structure and communicate
it to users by means of material (i.e., support by SAR, or infrastructure
by Y. Friedman) or non-material elements (i.e., set of rules on how to
distribute elements of the infill on support, how to construct an intui-.
tive system, or how to use patterns).
In fact, even in these cases, architects retain for themselves
decision-making methods or design strategies to influence or determine
the generating variety stage to the level of support or infrastructure,
and leave to users the reducing variety task on or below these levels.
In all cases, a formal structure of communication (material or non-
material) is established as a means for interaction between designers
and users.
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Designed systems provide clients with certain or all building sub-
systems, and secure ways of interaction between users and manufacturers
by creating a network of relationships among the various participants of
the building process. Clients may decide on all levels of the problem-
solving process, but do so within the context of using the means (perfor-
mance specifications, in the case of SCSD) and the channels of communica-
tion established by the systems designers.
In this perspective, systems design can be considered as leaving
both generating variety and reducing variety tasks to participants who
act on lower levels in the building process.
SCSD provides clients with certain subsystems and leaves generating
and reducing variety tasks to clients as far as the non-systems elements
is concerned.
"Projet Laureat" aims at giving the possibility to users to decide
on as many elements as possible within the rules of the system. It aims
at offering them both generating and reducing variety tasks to a level
which is actually not clearly determined.
Systems design can be seen as an attempt to shape the environment
for users' and producers' mutual action. The architect's role is to
create an infrastructure and make it acceptable on a higher level, to
secure the easiest possible communication between the production and
use aspects of the whole building process.
Systems design may secure variety, but not locality or contextuality.
Many designed systems do not necessarily originate in places in which
they are later applied. Designed systems often do not spring from
social, economic and environmental conditions of the place where users
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live and act. Systems are often transferred and imposed on users from
somewhere else.
Thus, it is not the systems variants that should be transferred and
disseminated, but the systems structure; i.e., the software, which needs
to be established and adapted to various contexts. Variants may allow
for combinatorial-technical variety, but structure, whether highly
organized or relatively "loose," can be applied to different projects
in very different places, and may tehn, in its adapted version, constitute
a framework of action for all participants of a given systems context.
There is variety on the low levels of each individual project, but
the non-material framework of action of the users of a system, the struc-
ture, is common to all; there is variety within overall uniformity.
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Epilogue
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In non-designed systems, building activity is part of everyday
life. The production and use aspect of the building process are integral
parts of a given social and economic context, and form an inseparable
whole. Non-designed systems originate in the past and are shaped by ~
local conditions. They are created by persons who are directly affected
by them; the systems makers and the actors within the system are identical.
Continuity, variety, regularity, and locality or contextuality are
characteristics of non-designes systems and lead to situations described
here as "industrialized vernacular architecture."
In contrast, designed systems are initiated and elaborated by
professionals. The production and use aspects are formally collaged
together, but still remain isolated from each other. Here, production
and use do not form an organic whole; they form a summation of fragmented
parts. They are not contextual, since they are generally produced out-
side of the context of their application and subsequently transferred to
various places of different context, climate, environment, customs, etc.
Thus, variety and regularity may exist in the context of the designed
systems, but locality does not.
Vernacular, anonymous, or pre-rational architecture is often
romanticized as the "perfect" situation, the ideal for an architect. It
is the "desired" situation, pursued in all recent design efforts and
thus creating an immense source for imitation.
Vernacular architecture of the past and the present originate in
actions within the boundaries of non-designed systems, while such sys-
tems have emerged from certain circumstances that allowed producers and
users, on various levels of the building process, to interact.
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But these circumstances do not exist always; the question to be asked
is whether it is possible, then, for architects' interventions to create
something equivalent to a "vernacular" in any "artificial" manner.
Vernacular architecture cannot, by definition, be produced from the
"outside." It cannot be created independent of its context. Vernacular
architecture, even if it is an architects' desired design goal, cannot
be planned and designed.
As long as the objective-the desired design goal-lies beyond reach,
the architects' role is to visualize, to observe and study it, in order
to discover its nature or any order that is hidden in it, as well as
the causes of its social necessity.
The discovery and recognition of vernacular architecture as a
desirable design paradigm must be considered already as a positive
achievement in contemporary architectural thinking. Realization of the
fact that the final goal of a "designed" vernacular cannot be reached
unless users participate in the building process is another successful
achievement. The conviction that architects have to confront the exist-
ing environment of contemporary building activity, instead of focusing
on the building itself, is a third and no less significant achievement.
Every theoretical conviction in architecture tends to open the
way that eventually leads to its fulfillment or testing in practice.
Architecture is action; it is an action committed to building practice.
But how should architects act? Or, bearing in mind relatively recent
architectural practice: What should architects do in order to have
users act in a direction which leads to a desired situation?
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I don't think that such a question can be answered easily since any
answer attempted would, in fact, provide the solution to any architectural
problem posed. It would be another "design" method, or another theoretical
approach designed to fit any context; again it would become an abstract
model of concrete reality, and thus locked eternally in a continuing
dialectic game.
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